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(57) Abstract 

A method for rasterizing ideal glyph representations pro- 
vides improved clarity and readability for Chinese and Japanese 
glyphs. The preferred method advantageously combines anti-alia- 
sing and grid fitting techniques for generating images and com- 
prises the steps of : obtaining the ideal glyph representations and 
hints, converting the hint information from font units of the ab- 
stract coordinate space to pixel units, transforming the control 
points to pixel units using the hint information to produce a series 
of scaled line segments and curves, sampling points at intervals 
along each curve and line segment, and processing the sampled 
points to determine the fractional coloring for each pixel and to 
produce sharper transitions at those points of the glyph that have 
been indicated to be of aesthetic importance. 
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1 . Field of the Invention 

The present invention relates generally to computer 
graphics, and in particular, to the display of ideal glyphs 
using rasterization techniques for text rendering. Still more 
particularly, the present invention relates to a method for 
glyph rasterization that employs both grid fitting and anti- 
aliasing techniques. 

2 . Description of Related Art 

There are a number of methods that currently exist for 
rasterizing fonts to produce pixel images that can be 
displayed on a display device such as a CRT or used for 
printing with conventional laser printers. The conventional 
method for producing pixel images of fonts is scan conversion. 
Scan conversion converts an ideal description of a character 
referred to as a glyph description to a pixel image. 
Referring to Figure lA, a glyph description of a Kanji 
ideograph is shown. A glyph description is typically a series 
of curves and points that define an ideal outline of the area 
forming the character. All existing methods for converting 
ideal glyph descriptions to pixel images use generalized 
techniques that introduce imperfections in the resulting pixel 
images. As shown in Figure IB, when the ideal glyph 
representation of Figure lA is converted to a 95 x 95 pixel 
matrix, the character remains very readable despite the 
imperfections. However, these imperfections become 
progressively more severe as the size of the ideal glyph is 
reduced. Figure IC shows an enlarged illustration of the 
glyph representation of Figure lA converted to a 14 x 14 pixel 
matrix. As can be seen, the 14 pixel version is unreadable. 

Common computer display technology ranges from 70 to 90 
dots per inch. At these resolutions, text at relatively 
common sizes (10 to 20 typographer's points) can be difficult 
to read and aesthetically inferior. One approach used in the 
prior art to resolve this problem is a "two color grid 
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fitting" method. This method produces pixel images using only 
black or white pixels. Grid fitting is a technique used to 
modify the ideal glyph shape to match the pixel grid in an 
effort to produce more aesthetically pleasing and readable 
5 results. Referring now to Figures 2A-2D, the effects of grid 
fitting are illustrated. Figures 2A-2D are a graphical . 
representation of a pixel grid, the black and white pixels, 
and the glyph representation. Figures 2A and 2B illustrate 
the pixel conversion results for the Latin character "O" using 

10 standard scan conversion techniques. As shown in Figure 2A, 
the scan conversion process yields satisfactory results if the 
ideal outline happens to align with the pixel grid in a 
harmonious way. However, as shown in Figure 2B, when the 
ideal outline does not align with the pixel grid, the scan 

15 conversion produces undesired artifacts such as the two 
additional pixels 10 shown in Figure 2B. While the scan 
conversion shown in Figure 2B is mathematically correct, the 
process yields an aesthetically iinpleasing inconsistency 
between the left and the right sides of the character. The 

20 prior art grid fitting method attempts to overcome this 
problem by providing "hints" for special portions of the 
glyph. These hints identify important portions of the glyph 
that should be adapted to fit in the pixel grid to produce an 
aesthetically pleasing result. Figures 2C and 2D show the 

25 effects of grid fitting. Figure 2C illustrates the glyph 

representation identical to Figure 2B. Since the portion of 
the glyph with the hint is not aligned with the pixel grid, 
the grid fitting method uses the hint to control the rounding 
and alignment process of the outline to yield a distorted 

30 outline shown in Figure 2D with the portion of the glyph 

between the hint aligned with the pixel grid. As can be seen 
in Figure 2D, the right side of the "0" is shifted about a 
half a pixel to the left so that the undesired artifacts 10 
generated in Figure 2B are not produced. Hinting removes 

35 detail from the shape of the ideal outline to render a 

different shape, which is not ideal, but is more pleasing 
under (sub-optimal) conditions where there are too few pixels 
to represent the ideal accurately. While the improvements 
provided by grid fitting may be tolerable for Latin 
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characters, the quality of the converted pixel images of 
Chinese and Japanese ideographic characters continues to be 
unreadable on conventional computer displays. Even with grid 
fitting, the prior art method produces results similar to 
5 Figure IC for small sized Kanji ideographs. Thus, there is a 
need for a method of converting ideal glyph representations to 
pixels images of higher quality. 

Another method used by the prior art to improve the 
readability of complex characters like Kanji is anti-aliasing. 

10 Anti-aliasing techniques have been used primarily in 

television and video production to enhance the quality of 
pixel images. The various anti-aliasing techniques use pixels 
of intermediate densities or color to create the illusion of 
higher resolution. When intermediate "color" or gray scale 

15 values are used, details such as curvature and varying stroke 
thickness that are lost with the two color grid fitting method 
can be rendered with a high degree of visual fidelity as shown 
in Figure 3A. However, as illustrated by Figure 3B, even when 
anti-aliasing techniques are applied, the pixel image will 

20 still have undesired distortion and artifacts 12 due to 

misalignment with the pixel grid. Therefore, neither approach 
of the prior art is effective at providing pixel images of 
complex ideographic characters at small sizes. Thus, there is 
a need for a method of generating readable, high quality, 

25 pixel images of ideographic characters. 



The present invention overcomes the limitations and 
shortcomings of the prior art with an improved method for 

30 generating aesthetically superior and more readable pixel 

images, even at small sizes, from ideal glyph representations. 
The present invention advantageously combines a two color grid 
fitting technique and an anti-aliasing technique to produce 
both ideographic and Latin glyphs with uniformly pleasing 

35 aesthetic characteristics. The preferred embodiment of the 

present invention comprises the steps of: retrieving an ideal 
glyph representations and hints from a font; adapting the 
ideal glyph representation to the pixel grid using a grid 
fitting technique; dividing the adapted glyph representation 
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into a plurality of non-overlapping zones using the hints; 
applying an anti-aliasing technique to each zone without 
considering the pixel values outside the zone; and processing 
the zones to produce a final gray-scaled bit map. 

5 

Brief Description of the Drawings 
Figure lA is a glyph of the prior art represented m 
ideal outline form; 

Figure IB illustrates a prior art pixel conversion of the 
10 conventional glyph of Figure lA to a matrix of 95 by 95 
pixels; 

Figure IC illustrates a prior art pixel conversion of the 
conventional glyph of Figure lA to a matrix of 14 by 14 
pixels; 

15 Figures 2A-2D are graphical representations of the prior 

art pixel conversion results, a glyph representation, and a 
grid representing pixels; 

Figures 3A and 3B are graphical representations of pixel 
images enhanced using anti-aliasing and a pixel grid; 
20 Figure 4 is a flow chart of the general method of the 

present invention for performing glyph rasterization; 

Figures 5A and 5B are a flow chart of a preferred method 
for hint conversion; 

Figures 6A-6E are graphical representations of a portion 
25 of a stroke and pixel boundaries; 

Figure 7 is a flow chart of a preferred method for 
control point transformation; 

Figure 8 is a graphical representation of the preferred 
method for anti-aliasing of the glyph zone by zone to pixel 
30 space ; 

Figures 9A and 9B are a flow chart of a preferred method 
for sampling and processing the sampled points for scan 
conversion; 

Figure 10 is a graphical representation of contour lines, 
35 pixel boundaries, a sample interval and a table of fractional 
pixel contributions; and 

Figure 11 is a graph of the transformation from font 
units to pixel units. 
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Detailed Description of the Pr eferred Embodiments 
Referring now to Figure 4, a preferred embodiment of the 
general method of the present invention will be described. 
The method of the present invention advantageously yields 

5 pixel images that are more aesthetically pleasing and readable 
than the prior art for both Latin characters and Asian 
ideographs. The method of the present invention is preferably 
a computer implemented process that can be used by a 
conventional computer to display characters on a conventional 

10 display device such as a monitor or CRT, or to print 
characters on a conventional laser printer. 

Figure 4 provides an overview of a preferred embodiment 
for the method of the present invention. The preferred method 
begins in step 400. In step 401, a computer (not shown) 

15 retrieves character information including ideal glyph 

representations and hints. The character information is a 
number of closed contours and hinting data structures. Each 
contour preferably comprises a starting point, and a number of 
connecting lines and curves identified by control points . 

20 This character information specifies an outline of the area 
for the character, and is specified in font units of an 
abstract coordinate space. The hint data may apply to all 
contours and control points of a character or only a subset of 
contours. Each hint identifies the parts of the character 

25 that should exactly fit the pixel grid boundaries. Next, in 
step 402, the hint portion of the character information is 
converted from font units of the abstract coordinate space to 
pixel units. The pixel units will be set according to 
operational limitations of the printer or display device being 

30 used. The scaling factor is also determined by the global 
metrics of a type face and the desired pixel size. Step 402 
scales the hints using special grid fitting techniques as will 
be described below. However, those skilled in the art will 
realize that the various grid fitting techniques of the prior 

35 art could also be used. Once the hints have been converted, 
then the control points are transformed to pixel units in step 
403 . The hint transformation effectively divides the image 
into a group of non-overlapping zones. Within the each zone, 
the scaling factor is slightly different from other zones 
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which fits the hints to the pixel grid. In step 403, the 
scaling information from the hint transformation step (step 
402) is used to convert the control points of the contours 
into pixel space to produce a series of scaled line segments 
5 and curves. Next in step 404, points at fixed intervals along 
each curve and line segment are sampled. Then in step 405, 
the sampled points are processed zone by zone to determine the 
fractional coloring for each pixel and produce a gray-scaled 
image. The process is then complete and ends in step 406. 

10 The present invention uses this method to produce sharper 
transitions at those points of the glyph that have been 
indicated to be of aesthetic importance.- Conversely, adjacent 
features are prevented from affecting the glyph simply because 
they are near a point of importance. 

15 Referring now to Figure 5, the preferred method for 

performing grid fitting (steps 402,403) according to the 
present invention will be described in more detail. Once the 
hint data structures and the glyph have been retrieved (step 
401), they are processed to convert the hints from font space 

20 to the pixel space (step 402), Each hint preferably comprises 
a starting point (s) and an ending point (e) that are 
designated to be "snap points". The hint also includes a 
canonical width (c) for the interval between the snap points. 
The canonical width indicates the preferred distance between 

25 the snap points at low resolution. The hint transformation 
process also uses two metrics global to the typeface: the 
standard horizontal and vertical stroke widths {W) that 
indicate dominant stroke widths in their respective 
dimensions. The preferred method begins in step 501 of Figure 

30 5 by scaling the starting point (s) to the fractional value s'. 
In step 502, the canonical width (c) is scaled to the 
fractional value c'. In step 503, the actual stroke width, 
the absolute value of (s-e) , is scaled to the fractional value 
w' , and in step 504, the standard stroke width (W) is scaled 

35 to the fractional value W . Next in step 505, the fractional 
values for the canonical, actual and standard stroke widths 
are compared. If the fractional value of the actual stroke 
width, w' , and the fractional value of the canonical stroke 
width, c' , differ by more that 0.5 of a pixel, w* is used as 
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the desired width. Otherwise, C is used as the desired 
width, and W is set equal to c ' . Moreover, if fractional 
value of the standard stroke width, W , differs from the 
fractional value of the actual stroke width, W , by less than 

5 0.5 pixel, W is set equal to W , and used as the desired 
stroke width. This step establishes either the standard or 
the canonical stroke width as the desired stroke width, unless 
they differ from the actual stroke width by more than 0.5 
pixel. In such a case, the actual stroke width is used for 

10 the desired stroke width. The scaling is further refined in 
step 506, in which the method determines whether w' is wider 
than one pixel- If i/' is wider than one pixel, then the 
method continues in step 507 where the fractional values of 
the starting point s' and the actual stroke width w' are 

15 rounded to the nearest integer. Then in step 508, the 

fractional value of the actual stroke width W is added or 
subtracted from the fractional value of the starting point s' 
depending on whether s > e to produce the transformed value of 
e. The transformation of the hint is complete and the process 

20 terminates in step 514. However, if the fractional value of 
the actual stroke width W in step 506 is not wider than one 
pixel, the process proceeds to step 509. In step 509, the 
fractional value of the actual stroke width w* is set to the 
larger of its actual value and 0.25 pixel. A minimum of value 

25 of 0.25 is imposed on W to assure that area of the character 
does not disappear. Next, in step 510, the fractional value 
of the actual stroke, width w' is added or subtracted from the 
fractional value of the starting point s' depending on whether 
s > e to produce the fractional value for the end point e' . 

30 Now that the fractional values for s* and e' have been 

determined, the method fits these points onto the pixel grid. 
In step 511, the values of s' and e' are compared to the pixel 
boundaries. Since it was previously determined in step 506 
that w' is less than one pixel wide, the distance spanned by 

35 s' and e' crosses at most one pixel boundary. In step 512, 

the method determines whether s ' and e ' are in the same pixel . 
If they are contained in the same pixel, the stroke is 
enclosed in a single pixel and the values for s* and e' are 
left unchanged. The process then ends in step 514. However, 
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if a pixel boundary is spanned by the area between s' and e', 
the values of s' and e' are adjusted in step 513 to shift the 
stroke in the direction of the lesser error to force s ' and e ' 
to reside in the same pixel. The shifting of the stroke in 
5 step 513 can best be understood with reference to Figures 
6A-6E which show the three possible cases when the s' and e' 
are compared to the pixel grid. As shown in Figure 6A, no 
adjustment of the stroke is necessary when s ' and e ' are 
enclosed in a single pixel. Referring to Figures 6B and 6C, 

10 it can be seen that the method of the present invention shifts 
the stroke of Figure 6B to the left by subtracting or reducing 
s' and e' by the same value to force e' in alignment with 
closest pixel boundary. A similar adjustment in the opposite 
direction is shown in Figures 6D and 6E. The method of the 

15 present invention shifts the stroke of Figure 6D to the right 
by increasing s ' and e ' by the same value to force s ' in 
alignment with closest pixel boundary. Therefore, the method 
of the present invention advantageously includes the benefits 
of stroke shifting such as the removal of undesired artifacts 

20 from the image that are caused when the ideal glyph 

representation does not correspond precisely to the pixel 
grid. The removal of such artifacts results in a much sharper 
image . 

Referring now to Figure 7, the preferred method for 
25 converting the control points (step 403 of Figure 4) from font 
units to pixel units will be described. As noted above, the 
hint transformation process divided the pixel space into a 
group of non-overlapping zones or regions. The hint 
transformation is then used to guide the trans foinnat ion of the 
30 control points by using information from the hint conversion 
process that has been described with reference to Figures 5 
and 6. The preferred method starts in step 700. In step 701, 
the process tests whether there are any remaining control 
points in the glyph that need to be converted from font units 
35 to pixel units. If there are no more control points to 

convert, then this conversion process is complete and ends in 
step 706, Otherwise, the preferred method will loop through 
steps 702-705 until each control point is transformed. In 
step 702, the control point to be transformed is retrieved. 
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Next, in step 703, the hint information is retrieved. In 
particular, the method retrieves the information necessary to 
determine the boiinds for each region, if any, that have been 
defined by conversion of the hints in step 402. In this step, 
5 .the scaling factor for each region is also determined. Then 
in step 704, the value of the control point being converted is 
compared to the hint information retrieved in step 703 to 
determine which zone or region contains the control point, and 
therefore, the appropriate scaling factor for converting the 

10 control point from font units to pixel units. The control 
point is then scaled to pixel units in step 705 using the 
scaling function associated with its region or zone. Once the 
control point has been scaled, the method loops to step 701 
and repeats the process until all the control points have been 

15 scaled. Those skilled in the art will realize that there are 
numerous control points in both the X and Y directions, and 
further that there may be several hints in both the vertical 
and horizontal directions that effect the scaling of the 
control points. 

20 Referring now to Figure 11, an example of the hint and 

control point conversion processes of Figures 5A, 5B and 7 
will be described. Figure 11 is a graph of the transformation 
with pixel units along the Y-axis, font units on the X-axis 
and the ideal transformation (i.e., linear scaling without 

25 hinting) represented by the dashed line. Without hints, the 
values of the control points would simply be multiplied by a 
scaling factor and rounded. The introduction of hints 
distorts the transformation space into a discontinuous, but 
piece-wise linear one. Consider the example of a contour 

30 whose bounding interval in the X-axis is [0,500] with the hint 
triple (200,275,75) and a standard width of 150. Also, the 
contour is to be scaled by 0.012. The bounding interval 
scales to [0,6], Using the steps described with reference to 
Figures 5A and 5B, s' = 200 x 0.012 =2.4. The standard width 

35 scales to 150 x 0.012 =1.8, the actual width and the 

canonical width scale to 0,012 x 75 = 0.9, Since the standard 
and actual width do not differ by more than 0.5 of a pixel, 
the width of the stroke is selected to be the canonical width, 
0.9, and the ending coordinate, e ' , thus scales to s' + u^' = 
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3.3. Using the stroke-shifting technique of step 513, s' - 
2.1 and e' = 3.0. The hint triple therefore divides the 
interval [0,500] font units into three regions or zones as 
shown in Figure 11, The three zones range from 0 to 200, from 
5 200 to 275 and from 275 to 500, respectively. Each zone 
provides its ovm scaling function. In Figure 11, the three 
scaling functions are represented by the three solid line 
segments. Given a coordinate of X, a control point in font 
units, the method then determines which of the three ranges 

10 contains that value, and then applies the scaling function 
associated with that range or interval. The three scaling 
functions generated by the example hint are: 

To(x) = (2. l/200)x, 0< X <200, 

T](x) = 2.1 + (x-200)(275-2. 1)7(275-200) 200< x <275, 

15 T2(x) = 3.0 + (x-275)(6.0-3.0)/(500-275) 275< x <500. 

It should be understood that there are two sets of hints 
associated with each rendering, one for the X-dimension and 
one for the Y-dimension. Thus, a similar transformation may 
be required for points in the y-dimension. 

20 Once the control points have been determined, the method 

of the present invention performs anti-aliasing to obtain an 
even sharper image. Anti-aliasing involves fitting the 
character to a source pixel grid which is larger than actually 
desired. Each pixel in the source grid is either black (off) 

25 or white (on) , and is represented mathematically as either a 
minimum (0) or maximum (1) value. However, the destination 
pixel grid allows the pixel values to range between 0 and 1 . 
When the source grid is actually reduced to the desired size, 
there are several pixels in the source grid (called "samples") 

30 that correspond to a single pixel on the destination grid. 
These samples, whose values are either 0 or 1 are averaged 
together, and the result is a single final value that ranges 
from 0 to 1 , 

The present invention applies anti-aliasing steps to the 
35 glyph on a zone by zone basis. As shown in Figure 8, the 
hinting process divides the glyph (the letter "0") into a 
series of zones which are defined by the starting and stopping 
points of the hints. Each zone defines a portion of the pixel 
image that is predominately black or white, and the edges of 
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the zones mark areas where there is likely to be a significant 
color transition in the pixel grid. The present invention 
advantageously uses the zone information created by grid 
fitting (i.e., hints) to influence the anti-aliasing averaging 
5 process. As shown in Figure 8, when averaging a pixel inside 
a zone, pixels in adjacent zones are not considered, even if 
they would have been considered using normal anti-aliasing 
methods. This advantageously creates sharper transitions 
between those areas in the glyph which have been identified as 

10 being of key aesthetic importance. Conversely, adjacent 
features are prevented from dominating a part of a glyph 
because they are nearby. The hints are preferably used to 
divide the glyph into several non-overlapping zones. For the 
example in Figure 8, the glyph is divided into three vertical 

15 zones (A, B and C) by the two horizontal hints. Those skilled 
in the art will understand that with a plurality of both 
vertical and horizontal hints, the glyph would be divided into 
several non-overlapping zones in both the vertical and 
horizontal directions. 

20 Referring now to Figure 9, the preferred method for 

performing sampling and image production in accordance with 
the present invention will be described. The method begins in 
step 900. In step 901, the curves, if any, that form the 
glyph are decomposed into line segments. Thus, after step 

25 901, the glyph will be represented only with line segments. 
Next, in step 902, one of the line segments of the glyph is 
retrieved. In step 903, points are sampled on the line 
segment at 0.25 pixel intervals in the Y-dimension. Those 
skilled in the art will realize that the value for the 

30 sampling intervals may be selected according to the level of 
gray scaling permitted by the display or printing device. In 
this example, 0.25 has been selected for 16 shades of gray. 
For example, sampling the line segment from {0.7, 0.7) to 
(1.7, 1.7) according to step 903 would require that the values 

35 of Y be selected as 0.75, 1.0, 1.25 and 1,5, Next, in step 
904, the corresponding X coordinate for each sampled value of 
Y is calculated. For the line segment from (0,7, 0.7) to 
(1.7, 1.7) this would produce sampling points (0.75, 0.75), 
(1.0, 1.0), (1.25, 1.25) and (1.5, 1.5). Then in step 905, 
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the method determines whether there are any more line segments 
left to sample. The method preferably traverses each of the 
line segments of a contour until all segments of the contour 
have been sampled. If there are more line segments in the 

5 glyph to sample, the process loops to step 902; otherwise, the 
method continues to step 907. In step 907, a polygon filing 
algorithm is used to determine the area of each fractional 
contribution. Those skilled in the art will realize that a 
variety of polygon filling algorithms, such as disclosed in 

10 "Fundamentals of Interactive Computer Graphics" by J.D. Foley 
and A. Van Dam, may be used for this determination. The 
algorithm preferably defines the fractional contributions by 
specifying a beginning point and an ending point (or plurality 
thereof) on each scan line with the area between the points on 

15 or off. Each pair of points in a scan line represents an 

interval contributing to the fractional coloring of the pixels 
the interval crosses. Then in step 910, the contributions to 
the fractional coloring are determined by measuring the area 
of each pixel that is covered by the interval. After the 

20 contributions for each pixel have been determined, they are 
summed in step 911 to" produce the fractional coloring value. 

For example, let (Xq^ y) and (x^^ y) , where Xj > Xq^ be one 
such interval. Let 0 be the value C(p) of a pixel p when it 
is completely "turned off" (i-e., the contours of the 

25 character do not intersect the p at all) . Similarly, let 1 be 
the value C (p) of a pixel when it is completely "turned on" 
(i.e., p is completely covered by the rendered character and 
contours) . We next, compute the fractional color 
contributions of this interval to the pixels spanning from 

30 (LxJ, LyJ) and IxJ, LyJ) , where LvJ and fvl denote the integer 
floor and ceiling of v, respectively. Assuming, the initial 
value of each pixel to be 0, then the values for the pixels 
can be calculated according to the following: 



35 



IfLA:J = U;J, then 

C(UJ, bJ) = C(bcJ. Vy\) + Q25{XrXo) 



ffL;cJ<UyJ, then 

C(UJ, LyJ) = C(L;cJ, bJ) + Q25^x^~Xq\ 
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Cixii bJ) = C(Ljc,J, lyj) + 0.25 for all such that U J < X, <ijc/J, 
C(U;J. bJ) = C(bc;i bJ) +0.25 (IxiVbcjj). 



Once we have tabulated the fractional coloring for each pixel 
5 interval, the total is multiplied by 0.25 since the points 
were sampled at each 0.25 pixel interval in the Y-dimension. 
The final sum of each C(p) represents the fractional coloring 
for each pixel which is used in step 912 to produce the image. 
For a particular rendering, suppose the background of the 

10 screen has the color b (background) and we wish to draw the 
character with color f (foreground) , the final color of each 
pixel will be rf = (l-r)jb where r is the sum of each pixel 
computed above. 

Referring now to Figure 10, the gray scale contributions 

15 for an example contour are shown. In particular, the 

contributions for interval y-0 are shown. The results for 
each pixel are calculated for each increment of the 
y-dimension where the integer value of y=0 (i.e., 0.0, 0.25, 
0.5, and 0.75). For each increment, the interval pixel by 

20 pixel is summed according to the above equations to produce 
the values in each row of the table in Figure 10. Once the 
four rows for each pixel have been determined, they are 
tabulated to determine the gray scale coloring of each pixel. 
While the present invention has been described with 

25 reference to a preferred embodiment, those skilled in the art 
will recognize that various modifications may be provided. 
For example, different algorithms may be used to implement the 
grid fitting and anti-aliasing of the present invention. 
These and other variations upon and modifications to the 

30 preferred embodiment are provided for by the present invention 
which is limited only by the following claims. 
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WHAT IS Cl^AIMED IS: 

1. A method for rasterizing hint information and an 
ideal glyph representation to produce a pixel image, said 
method comprising the steps of:* 
5 obtaining said ideal glyph representation and said hint 

information; 

converting said hint information from font units of an 
abstract coordinate space to pixel units and defining a 
plurality of zones; 
10 transforming said glyph representation from font units of 

the abstract coordinate space to pixel units using converted 
hint information; 

decomposing said glyph representation into a plurality of 
line segments; 

15 sampling points at intervals along each line segment in 

said plurality; and 

processing the sampled points to determine the fractional 
coloring for each pixel and to produce said pixel image. 

20 2. The method of claim 1, wherein said step of 

converting includes applying a grid fitting technique to 
convert said hint information to pixel units. 



3, The method of claim 1, wherein said step of 
25 converting said hint information comprises scaling said hint 
information from font units to pixel units. 



4. The method of claim 1, wherein said hint information 
comprises at least one hint and each hint includes a starting 
30 point (s) , an ending point (e) , and a preferred width (c) ; and 
wherein said step of converting said hint information 
comprises the following steps for each hint: 

scaling the starting point to a fractional value (s*); 
scaling the canonical width to a fractional value (C); 
35 calculating an actual width (w) and scaling said actual 

width from font units to a fractional value (w* ) in pixel 
units; 

scaling a standard width (W) to a fractional value (W*); 
comparing the fractional values for the actual, standard 
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and canonical widths, and selecting one as a desired widths- 
comparing the desired width to the pixel width; 
if the desired width is wider than one pixel, rounding 

the fractional value of the starting point and the desired 
5 width to the nearest integers and calculating a transformed 

end point; and 

if the desired width is not larger than a pixel, 

calculating the fractional value of the end point and applying 

a stroke shifting technique such that the fractional values of 
10 the starting point and end point are in the same pixel. 

5. The method of claim 4, wherein the step of 
calculating the actual width comprises calculating the 
absolute value of the difference between the starting point 
15 and the ending point . 



6- The method of claim 4, wherein said step of 
comparing the fractional values further comprises the steps 
of: 

20 selecting the fractional value of the canonical width as 

the desired width; 

setting the desired width equal to the fractional value 
of the actual width, if the fractional value of the actual 
width and the fractional value of the canonical width differ 
25 by more than 0.5 pixel; and 

setting the desired width equal to the fractional value 
of the standard width, if the desired width and the fractional • 
value of the standard width differ by less than 0.5 pixel. 

30 7. The method of claim 4, wherein said step of 

calculating a transformed end point comprises summing the 
rounded value of the desired width and the rounded fractional 
value of the starting point according to the sign of the 
scaling value and whether the starting point is greater than 

35 the ending point . 



8. The method of claim 4, wherein said step of 
calculating the fractional value of the end point comprises: 

setting the desired width to the larger of 0.25 pixel and 
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its value; and 

Slimming the desired width and the fractional value of the 
starting point, according to the sign of the scaling value and 
whether the starting point is greater than the ending point, 
5 to produce the fractional value of the end point. 



9. The method of claim 4, wherein said step of applying 
a stroke shifting technique comprises the steps of: 

comparing the fractional values of the starting and end 
10 points to the pixel boundaries; 

determining whether the fractional values of the starting 
and end points are in the same pixel; and 

if the fractional values of the starting and end points 
are not in the same pixel, shifting the fractional values of 
15 the starting and end points in the direction of lesser error 
to produce transformed values of the starting and end points 
that are in the same pixel . 



10. The method of claim 2, wherein said step of 

20 transforming said glyph representation uses the results of the 
grid fitting technique to convert the glyph representation to 
pixel units. 

11. The method of claim 1, wherein said glyph 
representation includes a plurality of control points and 
curves, and wherein said step of transforming said glyph 
representation comprises the steps of: 

retrieving a control point; 
retrieving the hint information; 

determining which zone contains the control point using 
the hint information; and 

scaling the control point using the scaling function 
associated with the zone containing the control point. 

35 12. The method of claim 11, wherein said step of 

transforming said glyph representation comprises repeating 
said steps of retrieving, determining and scaling for each of 
the control points of the glyph representation. 



25 



30 
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13. The method of claim 1, wherein said step of sampling 
points comprises the steps of : 

retrieving a line segment; 

sampling points along the segment at intervals in the 
5 Y-dimension; and 

calculating the corresponding X-coordinate for each 
sampled point. 

14. The method of claim 13, wherein said step of 
10 sampling points is performed at 0.25 pixel intervals. 

15. The method of claim 1, wherein the step of 
processing the sampled points includes performing gray scaling 
and using a plurality of sampled points to produce the 

15 coloring for each pixel. 

16. The method of claim 1, wherein the step of 
processing the sampled points comprises the steps of: 

determining the area of the fractional contributions for 
20 the glyph representation using a polygon filing algorithms- 
determining the fractional contributions for each pixels- 
summing the fractional contributions for each pixel to 
determine a fractional coloring value for the pixel; and 

producing the pixel image with a gray scale technique 
25 that uses the fractional coloring values produced for each 
pixel . 

17 . A method for producing a pixel image from a glyph 
representation, said method comprising the steps of: 

30 retrieving an ideal glyph representation and a least one 

hint; 

adapting the ideal glyph representation to the pixel grid 
using a grid fitting technique; 

dividing the adapted glyph representation into a 
35 plurality of non-overlapping zones using the hints; 

applying an anti-aliasing technique to each zone without 
considering the pixel values outside the zone; and 

processing the zones to produce a final gray-scaled bit 



map. 
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Figure 1A 




Figure 1B 
(Prior Art) 




Figure 1C 
(Prior Art) 
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FIGURE 2 < 

(PRIOR ART) 





HORIZONTAL HINTS' 




FIGURE 3 (PRIOR ART) 
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401 

RETRIEVE GLYPH ie HINT 
INFORMATION 



402 

CONVERT HINT INFORMATION TO 
PIXEL UNITS 



403 

TRANSFORM CONTROL POINTS 
TO PIXEL UNITS 



404 

SAMPLE POINTS ALONG EACH 
SCALED CURVE AND LINE 



405 

PROCESS THE SAMPLED POINTS 
BY ZONE TO DISPLAY A 
GRAY-SCALED IMAGE 



406 
END 



FIGURE 4 
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501 

SCALE THE STARTING POINT (s') 



502 

SCALE THE CANONICAL WIDTH (c'J 



503 

SCALE THE ACTUAL STROKE WIDTH (w'J 

i 

504 

SCALE THE STANDARD STROKE WIDTH 
(W'J 



505 

SELECT THE CANONICAL, ACTUAL OR 
STANDARD STROKE WIDTH BASED ON 
THEIR DIFFERENCE, AND SET TO w' 




FIGURE 5 A 
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N 



507 

ROUND s' AND w' TO THE 
NEAREST INTEGERS 



I 



508 

ADD OR SUBTRACT w' 
FROM s'(DEPENDING ON 
THE SIGN OF THE SCALING 
FACTOR AND WHETHER s>e), 
AND SET EQUAL TO e' 



514 
END 



509 

SET w' TO THE LARGER OF .25 
AND ITS ACTUAL VALUE 



I 



510 

ADD OR SUBTRACT w' FROM S' 
(DEPENDING ON THE SIGN OF THE 
SCALING FACTOR AND WHETHER 
s>e), AND SET EQUAL TO e' 



I 



511 

COMPARE s' AND e' TO THE 
PIXEL BOUNDARIES 



512 

ARE s' 
^AND e' CONTAINED IN^ 
THE SAME PIXEL?^ 



513 

SHIFT THE INTERVAL BETWEEN 

s' AND e' TOWARD THE 
DIRECTION OF LESSER ERROR 



FIGURE 5B 
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S' E' 

















i 











PIXEL BOUNDARIES'^-^ 

FIGURE BA 




FIGURE 68 



FIGURE 6C 



s- 



S' 



SHIFT STROKE TO PRODUCE 



FIGURE 6D 



FIGURE 6E 
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702 

RETRIEVE A CONTROL POINT 



703 

RETRIEVE THE HINT INFORMATION 



704 

DETERMINE WHICH REG/ON/ZONE 
CONTAINS THE CONTROL POINT 



1 

705 

SCALE THE CONTROL POINT USING 
THE SCAUNG FUNCTION ASSOCIATED 
WITH THE REGION 



^ 706 ^ 
END 

\ _J 

FiGURE 7 
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900 
START 



901 

DECOMPOSE CURVES INTO LINE 
SEGMENTS 




903 

SAMPLE POINTS ALONG SEGMENT AT 
FIXED INTERVALS IN Y-DIMENSION 



904 

CALCULATE THE CORRESPONDING 
X-COORDINATE FOR EACH SAMPLED 
POINT 



N 



906 
A 



FIGURE 9 A 



wo 94/06094 



PCT/US93/07956 



10/11 




907 

USE POLYGON RUNG ALGORITHM TO 
DETERMINE THE AREA OF THE 
FRACTIONAL CONTRIBUTIONS 



910 

DETERMINE THE FRACTIONAL 
CONTRIBUTIONS FOR EACH PIXEL 



I 



911 

SUM THE FRACTION CONTRIBUTION 
FOR EACH PIXEL FOR A FRACTIONAL 
COLORING VALUE 



912 

PRODUCE IMAGE WITH FRACTIONAL 
COLORING VALUE 



913 
END 



FIGURE 9B 
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CONTOUR UNES 



Kl 




SAMPUNG 
LOCAWNS 



PIXEL 

BOUNDARIES 



PIXEL 0 PIXEL 1 PIXEL 2 PIXEL 3 PIXEL 4 

Y=0 0.25 (1-0.4) 0.25 0.25 0.25 (3.8-3) 

Y=0.25 0.25 (1-0.6) 0.25 0.25 0.25 0.25 (4.1-4) 

Y=0.5 0.25 (1-0.8) 0.25 0.25 0.25 0.25 (4.3-4) 

Y=0.75 0.25 (2-1.1) 0.25 0.25 0.25 (4.6-4) 

TOTAL 0.3 0.98 1 0.95 0.25 



FIGURE 10 




FIGURE 11 
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